wo 2005/092258 



PCT/AtJ2005/000422 



TITLE 

PHACOEMULSMCATION NEEDLE 
FIELD OF THE INVENTION 

The prcsoit invention relates to a phacoemulsification needle. 
5 BACKGRQUNn ntr t hf . INVENTION 

The carystaJline lens of the human eye transmits and focuses h^t and is located 
bdnnd ihe iris attached to the wall of the eye by suspensory ligaments known as the 
zonules. The lens consists of a more rigid central nudeus sumranded by peripheral 
cortical material, which has a softer consistency. A fine mndnane known as the 
10 capsule contains the «itiie lens. 

Catfoact foimation refere to a loss of transparency of the crystalline lens of the eye 
and is a common occuneoce with age. This results in a progressive reduction in 
vision, which can be restored with surgery. 

Modem cataract surgery involves removal of the cataiactous lens and insertion of a 
15 plastic inlzaocular lens to replace the crystalline lens. Modem cataract surgery uses 
ultrasonic energy to fiagment and aspirate the cataractous lens by a techmque known 
as phacoemulsifLcalion. 

During a phacoemulsification procedure a central opening is made in the anterior 
portion of the capsule to allow access to the lenticular material by the 
20 pbacoCTiulsification needle, which typically has an outer wall and central lumen. A 
plastic sleeve surrounding the needle provides a conduit for transmission of fluid into 
the eye to replace fluid aspirated &om the eye in ramoving Ihe lens materiaL Qucc 
the harder nudear material has been removed wifli the assistance of ultrasonic energy 
the softer cortical material can be aspirated with an itrigarion/aspiiation cannula. 
1 
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In both phases of ihe procedure it is important that the anteiior chamber is maintained 
at a positive pressure and constant volume to prevent coll^se thoreof; Coll^ of 
the anterior chamber can result iti trauma to sensitive ocular tissues. Contact with the 
endothelial cells lining the posterior surface of the cornea or the iris can result in 
irreparable damage. Evm more common is inadvertent ccuitact or aspiration of the 
posterior capsule, which can result m nipture of this fine membrane. The posterior 
capsule prevents the esc^e of the fluid contained in the posterior chamber of the eye 
known as the vitreous humour. RuphJie of the posterior capsule and loss of ihe 
vitreous increases the risk of retinal detachment and cystoid macular oedema after 
cataract surgery with subsequent loss of vision. Furlhamoie if the posterior capsule 
is disrupted during surgery it may not be feasible to place an intraocular lens in the 
prefexred position in the capsular bag remnant of the original lens. This too can have 
a less fevourable outcome than is anticipated in uncomplicated surgery. It is clearly 
evident, therefore, how unportant the maintenance of a stable pressure and volume in 
flie anterior chamber is deemed when perfomiing phacoemulsification. 
A typical apparatus used m cataract surgery consists of a console containing a pump 
system used to generate vacuum and flow as well as the electrical circuitry that 
provides energy and control for &e phacoemulsification handpiece. A conventional 
phacoemulsification needle delivers ultrasonic energy by a hollow bore needle which 
is attached to a piezodeotric crystal or magnetostrictive transducer within the 
handpiece which generates the ultrasonic vibrations. Transducers that produce sonic 
firequendes have also been utiUlized to reduce heat generated by ultrasonic vibrations 
but fliis medhaniam is not as effective as ultrasonic energy. 
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The lumen of the phacoenmlsification needle is attached to the aspiration line via the 
handpiece so fliat nudear material can be aspirated during removal of the cataxaotous 
lens. The needle is suiroimded by an outer sleeve tbat is usually manufactured from a 
flexible or rigid plastic material. The Imoea of flie sleeve is connected to the infusion 
5 line so ihat fluid cQntinuously flows around the phaco needle to replace fluid aspirated 
from the eye through the lumen of the needle during the procedure. Tbe ingress of 
fluid through tiie sleeve also serves to cool the needle and prevent thennal damage 
induced by the vibrating needle during the application of ultrasonic enei^. A 
phacoemulsification needle invented by the present inventor (International Patent 

10 AppUcation WO 96/07377) describes longitadinal grooves in the wall of the needle 
to allow continual infiision of fluid around the needle even when the outer plastic 
sleeve is ti^tly compressed by a small sealed indsion in the outer wall of the eye. 
The pump systems are comiected to the phacoemulsification handpiece and irrigation 
and aspiration cannula by tubing so that fluid and lens motesrial can be aspirated firan 

15 the eye. 

There are two basic types of pump systems that achieve aspiration of fluid and lens 
material during phacoemnlsification and cortical aspiration. Tbs firct are positive 
fluid displacemmt pumps such as a peristaltic pump. In this system fluid flow is 
generated in tubing and significant vacuum is achieved when flie tubing is occluded. 
20 In the other system typified by a venturi pump vacuum is geoeiated in a cassette and 
the subsequoit flow and ospuation of fluid fiom the eye is related to that vacuum. 
In both systems the sequence of removal of nuclear and cortical material is similar. 
Fluid flow is generated in the aspiration mbing and fluid is aspirated from the anterior 
chamber via the phacoHniilsification needle or irrigation/aqjiration cannula. This 
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attracts midear or cortical matesrial to fhe needle or cannula and occlusion of the tip or 
aspiration port occurs. There is then a build up of vacuum in the tubing until tke 
negative pressfuie generated and the break up of the lenticular material by the 
application of ultrasonic energy overcomes the resistance of the lenticular material, 

5 whidi is then aspirated down the tubing. 

Optimal fluid dynamics implies maintaining a stable pressuie and volume in the 
anterior chamber when perfomiing phacoemulsification. Aspiration of fluid from the 
anterior diamber must be balanced by adequate infusion and the desired state of fluid 
balance can therefore be smnmarized in one equation - FpFo • Inflow (Fi) should 

0 equal Outflow (Fo). To avoid chamber collapse the pressure m the anterior chamber 
. must also be greater than the atmospheric pressure (Pb) and greater than the 
vitreous pressure (Py) - P«c>Pa>Pv. The piessure in the anterior chamber depends on 
the infusion pressure which is the di&rance between the inigation pressure bead (Pi), 
related to the irrigation bottle hei^ and the drop m pressure due to resistance to the 

5 inflow of irrigation fluid (Pd) - Pa=Pi-Pd.). The anterior chamber pressure should be 
maintained at a constant level to avoid alterations m chamber volume whidi maniifest 
as an unstable chamber during surgery. It can be seen that variables that can be 
manipulated to improve diamber stability are fhe bottle height and the cross sectional 
area available for the infusion of fluid, hicreasing the botde height improves the 

iO irrigation pressure head but can only partially compaisate for restriction to infusion 
^di occurs at the incision site. Ensuring that excessive outflow or aspiration fiom 
the eye is r^laced by adequate mfusion is therefiwe vital m tnaintaitimg stable 
pressure and volume within the anterior diamber. 
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Previous iweations by the present inveator which assist a surgeon in adiieving this 
stabiHty indude novel phaooenmlsification needles (Ihteinational Patent AppHcation 
WO 96/07377) and irrigation cannulas (IntBmational Patent Application WO 
98/07398) to increase the infiisional inflow as well as flow adaptive tubing 
5 (International Patent AppUcation WO 2003/103746) to regulate the aspiration to 
ensure there is a balance between aapiratiott mi infusion during a 
phacoemulsification procedure. 

The coaxial system consisting of a central hollow phacoemulsification needle to 
ddiver liUiasomc energy and asphrate nudear material with a suirounding plastic 

10 sleeve to ddiver infusion is very effective. A limitation of a coaxial aspiration and 
infusion system, however, is the required indsion size. The difference in cross 
sectional diameter between the inner lumen of the outer sleeve and external diameter 
of the phacoemuhnfication needle determines the infusion flow rate available to 
replace fluid aspirated fiom the eye and maintain a stable anterior diamber whidi is 

15 critical to the safety of the procedure as described above. 

The Cross sectional area of the inner diameter of an infusion sleeve can be calculated 
by the fonnula Ai= where Ai is the cross sectional area and r, is the radius of the 
diameter. 

SimUarly the Cross sectional area of the outer diameter of flie phacoemnlsificadon 
20 needle can be calculated by the fonnula Aj- tctj^ where Aj is flie cross sectional area 
and Tz is Ihe mdras of the outer diameter of the phacoemulsification needle. 
The cross sectional area available for the mfuaion of fluid is the difference between 
Ai and A2. 
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The required incision size is half flie ciiccimferegice of the diameter of the outer 
sleeve, 

Incisian size=l/2*C 

C= Ciicuraference of outCT diameter of sleeve 
5 C^2ia2 

Kf^raMas of the outer diameter of an infusion sleeve 

The flow rate of fluid within tubing is can be described by the Hagen-Poiseuille 
equation - Q«(P)x( is>iD*)/iBxUv) where Q is the volume flow rate, P is Ihe pressure 
differential, D is the cross sectional diametear of the tubing, 1 is the lengtti of the 

10 restricting diameter, v is the viscosity of the fluid. It can be aeen that the infusion 
rate is proportional to the fourth power of the diameter of the infusion sleeve or the 
square of the cross sectional area available f<v inflision of fivdd. Thus an attempt to 
reduce ^e required incision size of a co-axial phacoeonilsification needle and sleeve 
is linoited by the reduced infiisional capacity. The following table conqxares the cross 

IS sectional available for infusion as well as the required incision size for a range of 
phacoemulsificatiion needles with diameters ranging from 0.9 mm to 1.2 mm and 
sleeve inner diameters riaigtDg from 1.4 vaxa to 2.00 mm. 



Inner Diameter of 
infusion sleeve 
(mm) 


Outer Diameter of 
Phaco needle 
(mm) 


Difference in cross 
sectional area 
(mm) 


Required Incision 
(mm) 


1.8 




1.2 




1.41 




2.8 




1.8 




1.1 




1.60 




2.8 




1.8 




1 




1.76 




2.8 
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1.8 




0.9 




1.91 




2,8 




1.6 




1.2 




0.88 




2.5 




1.5 




1.1 




1.06 




2.5 




1.6 




1 




1.23 




2.5 




1.6 




0,9 




1.38 




2.5 




1.4 




1.2 




0,41 




2.2 




1.4 




1.1 




0.59 




2.2 




1.4 








0.75 




2.2 




1.4 




0.9 




0.90 




2.2 





If an aoceirtable isfusicm rote is to be mamlaii^ 

is achievable with a coaxial system by reducsing the diameter and incceasing the 
rigidity of the outa infusion sleeve. 

5 Recently modifications to the control of nltrasonic energy have been introduced. 
Typically, the ultrasonic power is varied by intsreasing the Hnear stroke length of the 
phacoemulsification needle by varying the litrasonic power in a linear fashion. An 
alternative to the continuous control of ultrasound is to deliver energy in pulses with a 
duration of millisecondB or even short xnioToseconds bursts of energy. The 

10 frequaxcy and amplitodc of the bursts can be varied by the user in a preset &shion on 
the console or via the foo^edal control. The duty cyde or on/off times of the bursts 
can be fixed or variable. The intemqitBd nature of the application of ultrasound 
allows die needle to cool down during the off cycle and reduce the build up of heat. 
Modulating ultrasound energy in this Gabion has allowed surgeons to use a phaco 

15 needle without a sleeve and split the infusion line fam the phacoemulsification 
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handpiece to deliver fbs m&sion via a separate cannula through a separate incision. 
The inciaon size required for a slee-veless phaco^ulsificatiDn needle is less than for 
a coaxial s>^tem with an outer sleeve. This technique is referred to as binaanual 
phacoemulsification and can be accomplished with two separate 1.00 to 2.0O nnn 

5 incisions. New foldaUe implants with a segmented thinner optic or implants 
manu&ctured &om expansile dastogel materials, as described in International f atent 
Application WO 01/89423. have been developed and are capable of being inserted 
through incisions less than 2.00 mxa. thus taking advantage of ^e reduced iadsion 
size achievable wiih bimanual phacoennilsification. 

10 Leakage fiom an indsioa redaces stability of the dbambo* during phaco- 
emulsification. With bimanual phacoemulsification it is more difficult to prevent 
leakage around the bare phacoemolsification needle and in foct a small amotmt of 
leakage is helpfol to cool the needle. 

Conventional phacoemulsification relies on irrigation of fluid into tiiie eye in a coaxial 
15 fashion via a conduit provided by a surrounding elastic coaxial sleeve. The 
surrounding sleeve also serves to reduce wound leakage by confoiming to the incision 
in the sclera or cornea which forms the wall of tibe ey&. la bioianual 
phacoomilsification the fluid is infused into the eye via a separate incision using an 
infusion cannula or manipulator i?diich is ^ically in the form of a hollow metal tube. 
20 Similarly the phaooonulsification energy is delivered via the phacoemulsification 
needle. In bo^ instances it is desix-able to avoid excessive wound leakage vtMdi can 
compromise stability of the anterior chamber. This is accomplished by creating a 
very tigjit incision in the cornea or sclera to closely approximate the infusion cannula 
CM- phacoemulsification needle which typically have a round or less commonly an oval 
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cross section. This results in stretching of the suirounding scleral or corneal tissue. 
The distortion of the corneal or scleral tissue lesulis in poor approximation of the 
walls of flie incision when the ligid infusion cannula or phacoemulsification needle is 
removed fiom the eye. The poor sealing may aUow fluid from the exterior to gain 
5 access to the interior of the eye and increase fhe risk of infection or endophthahnitis 
following cataract surgery whidi may result in loss of si^. 
Despite the use of pulse or burst modulation of ultrasonic eneiBy and the use of higher 
vacumns to reduce the energy required to emulsify the nucleus during 
phacoemulsification, themial build up and injury to the sclera and comea can still 

10 occur particularly when removing hardff cataracts. 

Energy sources other Hian ultrasound have been considered as an alternative to 
ultrasound as a method to removing a catmactous lens. These include mechanical, 
themial and laser methods tiiat can also be applied in a bimanual feshion similar to the 
bimanual method described above with a sleeveless phacoemulsification needle. 

15 Alternative energy sources however have been found to be less efBdent than 
ultrasonnd in the removid of cataracts and ai« not widely used. 
The present inventicm attempts to overcome at least in part some of the 
aforanentioned disadvantages. 

During bimanual phaooemidsification, Ihe fluid deUvered into the eye to replace the 
20 aspirated fluid is deUvered via a second incision. Typically the fluid is delivered via a 
boUow lumen cannula attached to the irrigating tubing whidi is connected to a bottle 
containing the irrigating fluid. The bottle is raised above Ihe eye or may have air 
infused at a positive pressure so that the pressure in the bottie is greata- than the 
anterior chamber. The end of the irrigating cannula may be formed into a variety of 

9 
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shapes to assist with manipulating and j&acturing nuclear material during 
phacoemulsificatton. The tecminal end of tiie caonula nay be open or closed with one 
or more side openings to allow fluid flow in to the anterior chamber of the eye. The 
flow rate depends on the cross sectional area of the canjxula and the pressure in the 
irrigati(»i line. The Ijitt^ can be elevated by raismg Ihe bottle hei^t to increase the 
flow rate of fluid but the critical &ctor which limits the infusiim is the internal 
diameter of the irrigating en fi fl "1fl 

A cannula with a large diameter assists infusion but tequkes a larger incision, 
hrigating cannulas currently in use have an haemal diacneter of 0.7mm to 1.0 mm. 
Irrigating manipulating cannulas are mote cumbersome: to use ibm non irrigating 
manipulators and result in greater wound leakage. The cross sectional area of an 
irrigating cannula available fiar infiision is significanfly less than the coiresponding 
area for infusion with a conventional phacoenmlsificadon needle and sleeve. This 
fecfor together with the greater leakage around the woundl results in reduced chamber 
stability which can compromise the safely of the procedure. Raising the pressure in 
the izrigatmg lens by elevating the bottle height or increasing positive air pressure in 
the bottle is helpful in increasing the infusicHi flow rate. Tins is achieved, however, at 
the expense of greats: diamber pressures and the volumes of fluid used per procedure 
is also inoreased. 

SUMMARY QF THE INVENTION 
In accordance with a first aspect of the present mvention there is provided a 
phacoemuIsificatiDn needle dia»cterised by a rod member arranged for transmission 
of ultrasonic energy to an ocular substrate to effect ecnuslification thereof; and a 
hollow tube member having an inner sur&ce deflmng a lumen arranged for aspiration 
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of emulsified ocular material, the hoUow tube member bang disposed about the rod 
member* the rod member having a distal end and a proximal end and the hollow tube 
member having a distal aid and a pro ximal end. 

DESCRIPTION OF THE PBAWINGS 
5 ITie present invention will now be described, by way of example, with reference to 
tile accompanying drawings, in which: 

Figure 1 is a perspective view of a convaitional phacoemulsification needle; and 
Figure 2 is a perspesctive view of a solid core phacoemulsification needle in 
accordance with a prefened embodiment of the present invention; and 

1 0 Figures 3 to 9 aie views of phacoemulsification needles in accordance with altanative 
embodiments of the present invention.; and 
Figure 10 is a view of an irrigating cannula/chopper 

DETAn.KD OFSCRIFHON OF AN EMR QDIMENT OP THE INVENTION 
Referring to the Figures, wherein like numerals and symbols refer to like parts 

15 throu^iout, there is shown in Figure 2 a solid core phacoemulsification needle 10 
including an elongated rod member 12 suitounded by a hollow tube member 14 
having a central longitudinal axis coincident with the rod member 12. The hollow 
tube member 14 comprises an elongate annular wall 16 having an inner sui&ce 18 
defining a lumen, and an outer surface 20. The hollow tube member 14 and the rod 

20 member 12 are arranged to be attached to a phacoemulsification handpiece, preferably 
via a threaded coupling means so that the lumen is connected to the aspiration line of 
the phacoemulsificatiGn console. 

The rod member 12 is elongate and has a distal end 1 1 and a proximal end 13. In use, 
the rod member 12 of the phacoemulsification needle 10 is arranged to transmit 
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«ltiasomc energy to flie lens material of an ocular subsbste to fecilitete ftagmentation 
and emulsification of the lens material when the distal end 1 1 of Ae rod member 12 is 
appKed thereto. 

The rod member 12 is of rigid constraction, generally mannfectured from titanium 
metal. 

nie cross section of fije rod member 12 ia geoerally unifotm thiou^out its length and 

ranges from 0,2 to 0.8 mm. Typically, the rod member 12 may have a diameter of 0.3 

mmto0.5mm. However, the rod member 12 may be tapered such that the cross 

section of the proximal end 1 3 is greater than the cross section of the distal end U, 

particularly whae a threaded caiq)ling means is located for attachment of the 

phacoemulsification needle 10 to the phacoemulsification handpiece. 

When the rod member 12 is tapered, a decrease in the diameter of the rod member 12 

may progressively occur from Ihe proximal end 13 to the distal end 11 of the rad 

nxemberl2. Alternatively, fiie transition to a smaller diameter may occur in one or 

more stqp like transitions along the length of the rod member 12. 

The cross section of the distal end U of the rod member 1 2 may be the same, smaUer 

or larger than the cross secdon of a mid-section of the rod member 1 2. 

The cross section of the rod member 12 may be oval, circular or have a polygonal 



The distal end 1 1 of the rod member 12 may have a flat profile or may be concave, 
convex: or hemispherical. 

An elongate surface 15 disposed along the length of the rod member 12 may be 
smooth, ridged or grooved. A plurality of ridges or grooves on the elongate surface 
1 S may be disposed in a linear or spnal pattern along the length of the rod member 
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12. The elongate surface 15 of the rod member 12 may also have protoberances to 
ensnre that centratton is maintained wi&m fhe hollow tube memb» 14. The pinpose 
of the ridges, grooves, or protmberances is to generate tmbiileiice an the lumen of the 
holtew tube member 14 dijring aspiration of emulsified lens material. Protuberances 

5 may also act as additional surfeces to radiate nltrasonic energy. This will assist in 
additional emulsification and fragmentation of aspiiated nudear inaterial as it passes 
down the hollow tube member and prevents possible blockages. 
The hollow tube member 14 surrounds the rod member 12. The hollow tube member 
14 is arranged to aspirate fluid and lens inaterial fiom the eye when the rod member 

10 12 is appUed to the lens material. The aspirated fluid serves ts> cool and prevent 
thermal build up induced by the ultrasonic vibrations of the rod meanber 12. Infusion 
of fluid to the ©ye is ddivered via a separate irrigating cannula or m.anipuiator ihtou^ 
a second indsion. Altemativdy, a non irrigating manipulator or daopper can be iised 
or the infusion can be delivered via an anterior chamber mBuitaiit.er throu^ a third 

15 incision. 

Typically, the hollow tube member 14 is manufactured from a metal material, 
preferably titanium, or a plastics material with an outer diameter ^-A ranging from 
0.9 mm to 1.2 mm, the magnitude of the outer diameter A-A being comparable with 
the diametw of a conventional ptacoemulsification needle. 
20 A cross section of Ihe hollow tube member 14 extending from the outer surface 20 of 
the elongate annular wall 16 may be circular in cross section or oval, as an ovai cross 
section may reduce leakage when ihe phaooemulBifioation needle lO is inserted into a 
corneal or scleral incision. AJtemativdy distal and proximal eads 19, 17 of the 
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hollow tube member 14 may have a drcolar cross section whilst a mid section 21 of 
the hoHow tube membcsr 14 has an oval cross section 

Typically, the thickness of the annular waU 16 ranges from 0.01 mm to 0.2 mm, more 
generally 0.05 mm. Hie fluckness of the amiular wall 16 may be uniform tou^ut 
the lengfli of the hollow tube member 14 or the annular wall 16 may be ibiuier in the 
mid-section 21 of the hoUow tube member 14. A thinner wall in the mid-section 21 
of the hollow tube member 14 may be advantageous to allow the mid-section 21 of 
the hollow tube m^bcr 1 4 to better confom to the incision so as to reduce lealcage 
foan the wound, whereas a thicker amiular waU 1 6 in proximal and distal portions of 
the hoUow tube member 14 would affijrd structural rigidity to the hollow tube 
member 14. 

Alternatively, the thickness of the annular wall 16 disposed in the mid-section 21 of 
the hollow tube member 14 may be thin for a plurality of equiangularly spaced 
portions of the annular wall 16 with thicker portions of the annular wall 16 disposed 
intermediate the thinner portions to improve structural rigidity in the mid-seciion 21 
of the hollow tube member 14. This would allow the hollow tube member 14 to 
deftwm to the shape of the mcision whilst still retaining axial rigidity and pteventmg 
unwanted flexure. 

Further, the hollow tube member 14 could he manufactured from both metal and 
plastics componeaits. Proxhnal and distal portions of the hollow tube member 14 
could be mamifactured fo»n relatively rigid metalUc material such as titanhim whilst 
the mid-section of the hoUow tube member 14 could be composed of a flexible 
plastics material. Once again this mode of manufacture would allow the hollow tube 
member 14 to better con&mi to the incision, thereby reducing wound leakage. One 
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or more longitudinal metal stmts could provide continTiiiy between the proximal and 
distal metallic portioiB of tile hollow tube member 14, ihs^hyin^miving rigidity and 
preventing unwanted flexure whilst allowing the more elastic plastic portion of the 
hollow tube member 14 to conform to the contouts of the wowid and reduce wound 
5 leakage. 

An inner diameter of the hollow tube member 14 may be uniform throo^out the 
length of the hollow tube member 14 or decreased in a tiered or step like fashion 
from the proximal end 17 of flie hollow tube member 14 to flie distal end 19 of the 
hollow tiibe member 14. 

10 The imier surfiu» 1 8 of the hollow tube member 14 is smooth or provided with a 
plurality of ridges, grooves, or protruberances. The ridges, grooves, or protniberances 
aredisposedinalinearorspiralpattenialongiheleagtiLofflieinnersurfece 18. The 
purpose of the ridges, grooves, or protruberances is to generate turbulence in &e 
lumen of the hollow tube member 14 during aspiration of emulsified lens material, 

15 TTie outer surface 16 ofthe hollow tube member 14 can be rubberized to help produce 
a seal and reduce womid leakage. Similarly a flexible sleeve may be applied to the 
outer sur&ce 16 to help reduce wound leakage. Although it is envisaged that the 
phacoemulsification needle 10 would have maximum utiUty when used with a 
separate incision for irrigation, the phacoemulsification needle 10 could be used with 

20 an outer sleeve for irrigation in a co-axial irrigation aspiration system. 

The distal end 1 9 of the hollow tube member 1 4 may be provided with a rounded or a 
flat edge that is smooth or shaip. The edge of the distal end 19 of the hollow tube 
member 14 may be thinner, thicker, or the same thickness as the annular waU 16 of 
the hollow tube member 14. Tlie edge is typicaUy bevelled or contoured to a concave 

15 
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to improve a sealing efifed when suction is appUed to a fragment of lens 



Tlie distal end 1 1 of the rod member 1 2 may project outwardly fom the distal end 1 9 
of1hehoUowtubememberl4,besubstan1iaIlylateraUyaHgnedwidithedistd^^ 19 
of the hoUow tube member 14. or be disposed inwardly fiom the distal end 19- of the 
hollow tube member 14. 

The tod member 12 and the hollow tube member 14 are typically constructed 
separately to minimize Hansmission of vibration from the rod member 12 to the 
hoUow tube member 14. Nevertheless it is envisaged that the phacoamulfflfication 
needle 10 could be manufactured as a smgle piece construction. 
An advantage of flie present invention is that it can be used witii a conventional 
handpiece with modified connections. Conventionally, the aspiration line of a 
phacoemulaification handpiece is in fluid communication with the Imam of a prior art 
phacoemulsification needle, hi relation to the phacoemulsification needle 10 of the 
present invention, the aspiration line is occluded by the rod member 12 that obstmcts 
theusualaspkationconduitinaconventionalphacoemulsificationhandpiece. histead 
the aspiration line is disposed m fluid commimication with the previous iniiision line 
of the phacoemulsification handpiece so fliat aspiration occurs around the rod member 
12 and is lateraUy confined by the lumen defined by the inner surfece 18 of the 
hollow hibe member 14. Typically, the aspiration line is connected by a female 
connector on the tecminal end of the aspiration tubing to a cMrespondmg male 
comiector on the phacoemulsification handpiece. It is necessary to r^lace the female 
connector on the aspiration tubmg with a male coiraector so that it can be attached to 
the female comiecfBr on what used to be the irrigation cham^l of a conventional 

16 
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phawwmulsificalion handpiece. AltenMvdy, an iiilermediate coimector can be used 
to convert the female connection at &e temiinal end of the aspiration tubing into a 
male connector or the female connector of the previously used inigating diannel into 
a male termination. 

5 As described previously the irrigating taWng is attached to a separate cannula or 

irrigating chopper that is inserted into the eye via a separate indsion. 

The same type of constructions described above with respect to the hollow tnbe 

member 14 can be used in manufacturing an irrigation cannula or imgatiag chopper 

which provides flie required infusion for the uUiasomc rod member 12 when used in 

10 bimamial phacoemulsification. Conveational imgating camiulas/dioppera are 

manufiictured from metal to provide mawmum infijsion as well as stractural rigidity 

which is important in manipulating and fiacturing fragmenls of nucleus in conjunction 

withtheultrasonicprobe. A typical imgating cannula/chopper is illustrated in Figure 
10. 

15 A metal cannula however can result in excessive leakage of fluid. Providing an 
inigation cannula with a more flexible mid portion to reduce wound leakage whilst 
retaining adequate axial strength would be advantageous and can be mamifitctuied in 
the same manner as described for the outer tube for the ultrasonic probe as described 
above. 

20 Similarly, the cross sectional profile of an inigating cannula may be droular or oval 
in cross section. An oval cross section is helpful in redudng wound leakage. 
Alternatively, the distal and proximal ends of the cannula may have a circular cross 
section whilst the mid section has an oval oofis section. 
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The present invention jnovides a phacofeamdsification needle 10 fliat has an inbuilt 
cooling mechanism fiiat does not require an infusion sleeve. Ths 
phacoemulsification needle 10 is designed to be used with a separate incision for 
in&sion via an infusion cannula, inisating chopper or an anterior diamber 
mamtBiner. The phacoemulsification needle 10 is therefore effective for bimanual 
phacoemulsification procedures as it can be used via a microincison in the mnge of 
0,8 to 2.00 mm without risk of thermal dan^age to ftie sclera or corneal incision, 
-nie phacoemulsification needle 1 0 provider more efficient appUcation of energy tiwn 
a conventional needle, improved cooling w/ith less chance of themial injury and safer 
application of ultrasound with a sealed woiiud. 

As described the hoUow tube member 14 vjrhich smrounds the rod member 12 maybe 
maraifectiired fern a plastics or an elastic OMterial to better confomi to the 
the waU of the eye which provides a better seal with reduced wound leakage during 
surgery. Furthermore the reduced stretching of the surrounding tissue will result in 
better approximation of tbe incision after csompletion of the procedure. The hoUow 
tube member M does not provide infiision as with a conventional coaxial 
phacoemulsification needle but forms a conduit for the aspiration of fluid. 
There is also provided in the present invention a manipulator having a distal end for 
manipulating and fi^turing nuclear material, and a pmximal end attached to an 
inigatiag handle, preferably via a threaded coiq,ling means. The distal end may be 
shaped in several different ways to assist manipulating and fiactuiing nuclear 
material. 

The manipulator is of soUd constiiiction, preferably fabricated fim a metal such as 
titanium and has a small cross-sectional diametesr in the range of 0.3 to 0.5 mm. A 
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separate sleeve is attached to ihe distal end of the irrigating handle and co-ffidally 
sunounds &e manipulator. 

An irrigation line is attached to the proximal end of the handle and fluid is delivered 
into the eye vis Hxc sleeve in a coaxial fashion. The advantage of this system 

5 compared to an irrigating cannula is that the sleeve can conform to the wound and 
prevent excessive wound leakage. Furthermore, a flexible sleeve with an internal 
diameter in the range of 1,1 to 1,4 ram can deliver as much fluid into Ihe eye as a 
conventional co-axial phacoemulsificatiDn needle and sleeve. The incision size of Ihe 
sleeved jtrigating manipulator however is signifioanfly less than a coaxial 

10 phacoemulsification needle and sleeve. Although the diameter of a sleeved irrigating 
manipulator used with bimanual phacoemulsification is sli^y larger than a cannula 
style irrigating manipulator it is less cumbersome than an irrigating cannula of an 
equivalent diameter required to ddiver the same in&aion flow rate. An irrigating 
sleeved manipulator therefore has improved infosiou and ergonomics as well as 

IS reduced wound leakage compared to an irrigating cannula style manipulator when 
used in conjunction wi^i the solid core phacoemulsification needle of flie present 
invmtion in bimanual phaDoemulsificarion procedures. A tenninal end of the cannula 
may be modified to fonn a protrusion which is adapted in use to fracture or 
manipulate firagments of nucleus. 

20 In Figures 3 and 4 of the accompanying drawings there is shown a 
phacoemulsification needle 50 wUc^ comprises a solid shaft 51 having a distal end 
52. A cup-shaped member 54 having a base 56 is abutted to flie distal end 52. As 
shown, the base 56 is formed with a pair of apertures 58 outwardly of tiie shaft 51. 
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A hoUow tubular meoiber 60 is mounted about the shaft 51 and cactends &om a distal 
eaad 62 adjacent the distal end 52 of the shaft 51 to a pioxiinal end 64 located 
adjacent a proximal end 66 of the shaft 51. The proximal end 64 is moimted about an 
enlarged proximal extension 68 of the shaft 51. The proximal extension 68 extends 

5 outwardly from the main portion of the shaft 51 and has a pair of apertiues 70 
outwardly of the shaft 51. The member 60 defines a lumen with the shaft 51. 
Further, the proximal extension 68 broadens out into a wide portion 72 which is 
arranged to be coupled with a phacoemulsification hand piece (not shown). 
In use, firagmented or emulsified ocular material, such as lens material, is aspirated 

10 fhrougji the cup-shaped member 54 and fbe iqiettores 58 into Ihfi lumen defined by the 
hollow tubular member 60 and ttien through the apectui&s 70 into the proximal 
extension 68 and the wide portion 72. 

In Figures 5 and 6 of the accompanying diawings, there is shown a 
phacoenndsification needle 80 which is similar to the needle 50 and like reference 
15 numbers refer to like parts. There is also provided a shaft 82 -which is hollow. In this 
case ocular material is aspirated through the cup shaped member 54 into the shaft 82 
and than into the proximal extension 68 and the wide portian 72. Additional ocular 
material is aspirated thiou^ the apertures 58 into the lucnen of the hollow tube 
member 60. 

20 Further, the shaft 82 is provided with a pair of cutaways 84 (cmly one of which can be 
seen in Figure 5). Ocular material in the lumen is aspirated into the shaft 82 trough 
the cutaways 84 and then into the proximal extension 68. 

In Figure 7 of the accompanying drawings there is shown a phacoemulsification 
needle 90 which is similar to the needle 50 and like reference numbers refer to Uke 
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parts. The shaft 51 is, in tins case, solid as shown in Figures 3 and 4. Also, the distel 
end of the needle 90 is as shown in Figure 3. 

M fhis case howeveo:, the hollow tube member 60 extends ^x)xicaally towards a wide 
proximal portion 92 adjacent the proximal extension 68 of the needle 90. The 
5 proximal poition 92 is axianged to be connected to a phacommlsification hand piece. 
Ocular material may be aspinded along the length of the tubular member 60 as &r as 
the apertures 70. Further, ocular material is initially aspirated thmugh the ciqi-shaped 
member 54 and then through the ^ertures 58 into the Ixmea defined by the tubular 
member 60. The ocular material from the i^eitares 70 enters the wide portion 72. 
10 In Figure 8 of the aocooqpanying drawings there is shown a phacoemulsification 
needle 100 which is similar to the needle 90 and like reference numerals denote like 
parts. In this case there is provided a shaft 102 which is hollow. Thus, aspirated 
ocular material can be aspirated through the ciq>-shaped member 54 along the entire 
length of d]s shaft 102 and into the proximal ext^ion 68 and also the lumen through 
15 the apertures 58. Also, cutaways similar to the cutaway 84 shown in Figure 5 in the 
shaft 102 enable ocular material to be drawn ftom the lumen into the shaft 1 02. 
It is envisaged that in the embodimoxt of Figure 8 a plug could be inserted in the wide 
portion 72 to blodc off the shaft 102. In this case, ocular material would be aspirated 
&om the lumen or the shaft 102 into the wide ];Hn»dmal portion 92. 
20 In Figure 9 there is shown a phacoemulsifiaciton needle 110 which is similar to the 
needle 50 except that the shaft is solid throughout and there is a widened XRoximal 
portion 92. Ocular material is aspirated direcdy ftom the lumen into the widened 
proximal portion 92. 
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The handpiece contains the piezodecttic elemeoi for graerating nltrasonio energy and 
is attached to the aspiration line ccamected to the phacoenmlsification console. 
A similar construction can be employed for a cannula to deliver infiision into the eye 
at a separate incision. Here the hollow tube member 14 and the rod member 12 create 
a single channel for in&aiou of fluid. The cannula may be attached to or be 
continuous with a handle which is in torn attached to the imgating line. 
Modifications and variations such as would be apparait to a skilled addressee are 
deemed within the scope of the present invaition. 

For example, it is possible to <aeate a phacoemulsification needle 200 in accordance 
with the presence invention in which a hollow phacoemulsification needle 202 has a 
coatral portion 204 m which a substantial proportion of the waU of the needle is 
removed. Thus, the distal end 206 of flie needle 202 is connected to the proximal end 
208 bytWD struts 210. 

Further, a hollow, tubular member 212 is placed around the needle 202 to form a 
lumen in conjunction with the needle 202. 

As shown the hoUow tube 212 can terminate at the proximal end 208 of ihe needle. 
Alternatively it can extend rcarwaidly and be attached to the phacoemulsification 

handpiece. 

Thus, in this «nbodiment the entSie phacoemulsification needle is constituted by the 
hollow needle 202 wifli the cutaway portions and the hoUow tubular member 212. 
This aixangemeit has the advantage that when inserted into a wound the central 
portion of the needle can readily be compressed to oon&mi closely to the shape of the 
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la other respects the phacoetnulsificatioii needle of Figure 11 operates in siiiular 
manner to the other embodinieots of the present inveoticKa described hereinabove. 



23 



